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£ ft £ #83 ~> > Kfr ft 7 s — * > ^ If At" 5 .X t- y 

fflHffl©K-*fttfcfcH"r ±I3#M->>*;u 
gS£ft£#i^->>#;i'£©*SI8Mft#©3;*.x > J' 

[SM8S5] ±ffifflMtttt, J5 »SW- 7 -fey h 

r 4 & tb £■ m ^ 6 ft -s ^ ft#S£ ^ -r * if *s i 4 

ft*» 1 JSt3*6©|3]J873ffi<. 

ffl^ iz ij v •> T ±13^— * > * ^ c # fi-fb $ ft 4 c i: * 
fS^f-^ff*!! 1 ftSSffl^-fftfrUIaBtt©^;? 

So 

Bcaiafl«jt: , y->7';u*# A-rs^tswat.fsif* 

II 1 75S6©^-rfti» UII2«©P1W^?S. 
[iff#ijf 8 ] ±§B#i^> > * ^©ftaii£tf/Xfct**§ 
y->7)U(D{1tmZ, 1 8 OJgi/? h^JlSChS:^ 
i - sat#JS 1 ft 5 7 ©t^-f ft*> 1 JHB«©EWB#SE. 

±ffl#s*> #83 s> >#;i/©-SXttaft©#!B 

v >#;i/©«3&©ls]J8^ — >© 5 ^©StaB&tf/Xfci: 

*a Hffi© f - £ ft l&ffi tstftt, ±13#^ •> > 
i:, «E£ftfc#!8*>>#^fc©fflHlIft#©S^I9!fc 
ftH£57^ y^;HI'>7rA 0 
[if *k i o ] ±b3#.^^> ^^©e&ciSifcJSsaR 

[ »#JS l l ] ±I3#M > * ;u ft 5 # £ * 
±T©N/N 3p <^©it^^ 'J 7©(frft£il-r£^g!ft 
II X. 3 If *I1 9 X & 1 0 1316© t-' * v 9 ^iifl •> * t- 
A. 



[W«jsi2] ±iB#Rs->>^;u*e^-r5t§(c, 

£jS**ftig*3*5^®ft<I;lSfM&H97J£l 1© 
^•ttlifi 1 iliBIB©^ y^M(S'>^fA 0 
[f**il 1 3 ] ±I3*l§SfI ft m t > T , JQ 7 4r y 
hftSyfflJ-fi^aftilfcSiMaHSttSl 2©^rfti» 

[fflf*ijtl4] ±E#jB>»#;i/S, ffl«aRfB*C43 

ivt, ±i37 r -^^>^t#A-r^^iS!*fiix.5if* 

JI9 73S 1 3©^-fftA» 11113*6©^ isf^misX 
[1**515] ±ISfii££ft£»^L£2o©i/>;}f 

;HH CMlHl > Af 5 ^© ftf» x * if #3* 

9M1 4©V^■rftA i DSiafJ©^ ^^;i/®M^^5=- 
Ao 

[^H^©#*l^l5iB^] 
[0 0 0 1] 

X =f A© RIJH* telkV? 4 V *> ;uaft -> X =r A C Hf 
[0 0 0 2] 

&o ^Jx.«> Sit^-Uoi^ (Fast Fourier T'ransfo 
;Us "T* fc > Ji?;u ft Ste-f * «fc -5 c: & -s -c ^ 

So d©#fia->>^n±. eis-rs^— ^ica« 

£ftT£{f£ft£, #BB->>^;Ki> 01 

ot3^-r<tat, Fii©s/>#;i/jb»e>&se3!7 u— 

A, Vifc^S^'?— ^ h 7 U — At, ^©^feSIi/y^^i: 

JUT-^ZlgMTlz&^-Cib. ifyrtJWakDTm (Inters 
ymbol Interference, JiTF, I S I i:^do ) 
^J;-5t, ^fc)(9)?.^-KEF^A s i§:tte.ft-r^S < , 
[0 0 0 3] fit, 5SfflUC*ilt5#fi8i'>^;i«'©» 

^ S ft 2 S«« % h , $ ft & $a ® 4f t © 1$ FsS W) 

fi^ft*si5]Wfti:?.t»(cffl^e.ft> *anfi©aAfii 

A 5 , #ps^>#;i/©ftJlit>7 , ;u©eiLCqJ8g^RS!3lE 
JftK - ifcf 5 «fc 5 £ fc £ ft 4 . ffl Hffi© «*« ft £S C 

^ffiT-^-S^dtc, #,^~>>Dl;uft, ^©le]^^- 
> (Synchronisation Pattern, WT> SPhlO. ) 

r-fiiBiJu, [5L$]^-># i#s*>>#;HHifflta»ii 

3Sft5«fc-5^-T5. 
[0 0 0 4] 0 1 1 fcfc, B#F B ^lfl±©*^* s Nspt-fe5i5] 
,Wf^* s N/Ns?lHl^03i$ft4, fi^A>N©#S->> 



(3) 



StfC 7 — U x^gl (Discrete Fourier Transform 
atiom iiiTD FT^M^o ) ©flRRfciffiSJS:? — U x 
gggi (Inverse Fast Fourier Transformation) t5C 

5<*#T S * (Nsp/N) T-&£ (N/Nsp) {@©P]IK 
y^ — SS#T s ©4W£5'>#;i'*£fifcf 
.SfctoCtt, £T© (N/Nsp) ftODFTM 

(JB&»««C*tt5±-C© (N/N SP ) *©it^^ 

[0 0.0 5] Bl lC^ti^C, Nfcfc, lofflfl^ 
N+Ngu«d-N 5p -1 

R(i)= Y(i " n) * Y * (i " 

n=0 

[0.0 0 8] COS ( 1 ) .C^-r«t-3C, ffiRIKR(i) 

fi»SttSil5t> 7MU$tf>H« b fc * ©T? & 

[0 0 0 9] ( 1 ) SlSSf SilIBMIfifc&BI 1 2 
■To i©112t:^tJ;9i:, A^-^Su gSi§8 
12fcV*JfS8 3C«*&;*fU iSStS8 1i±s Xfi^r— 
*£NspPtS. f&fc£llR)JB^*->flMLT#«:8l 
9Rn&IS8 2Cftfet3. #&iftJRBI&£8 2tt. SJE 
88 lT-8JE.£nfcA;&^-*©#»«*^-**#» 
II^8 3l:tt,|&t5. Jill2§8 3fcJ:, Xh?—* 

Anus 8 5 

[0 0 10] iI52§§8 4HU S^-^S (N + N 
guand-Nsp) F^Sffibt. is£f¥3§8 6(:^t5o C 

T*5t>, M»§§8 6(±, d©tB±»T : -^iPe.> @5£§§8 

* 4, i #(fc©BHE«fra&*rf -5»ffi&8 7 csMg-r 

N+Nguard-Nap-l 

n=0 

[0014] c©i§£\ sc2c^-r*«<it-a$tLSffl 
H«R(i)©ffltt» se^-*© 2 c©ss 

JR, C©{i«T-R (i) ttfibcfcfcio £©*;ttff&tfcfcH 

5 ft -5 » C©i§£, fflKfBR li) ©fiAfl 

£© -> > v- & S *>©^ii> f/t£© 

.|**ffi©lfciHti:. t*mJ&R!] 



© mmx-h*). Nsptt^ ^©fub^*— >rt©i*-> 

t&£^-fo ^£><9>S$§I1;S (correlation window) ©#! 
ffflfciu 01 lCSn^C, N + Ng Ua nd-NspT-$. 
5o 

[0 0 0 6] AlJ^—PZ. h U-A©l$IHfH*C*5tt* 
*§§SfiR (i)fc£, TIBS (1) T?*»e»*i*. 
[0 0 0 7] 



t, mm^8 ix-mmztitzmw-T—fZbuw-Lx, ± 
[o o i i] *»< ut, smb^-^bu mffl^?-><D 

HflKR(i)tt. (N + N gua nd-NSP) JEM («M3fi©JH 

a, «Attt^ajias& (ias-&r) ci^t, ■*©«**«[ 

( I R(i) | ) ©**tt#tftffi*ns. § 

ft $ n £ #H3 -> > #;u©ft«*-9- > 7Mi/©B#fa ftftfiffitf 

[0 0 1 21 £ZZX\ ±aLfcfE*©fflB8*#i&3;S' 
SCtt, ^* s $.4o tlMffiR (i) 14, i#£fi£ftS 

^fia8«fc«toT, i4 s S^f#^>'>^;^©a^+^>''7• 
;^©{^Ea©i:§©•9■>7'>'^* s '3:<4?'i:^ ±82^; (l) 
it. a (2) i:45o 

[0 0 13] 

[IS 2] 

- • • { 2 ) 



(N + Ng uan( i) <t D 4>'J>ft < fcfc^^JBIHfc:*^ 

[0 0 15] 1 9 9 6ipl0fll5B~18B!:§»© 
^4tT-fl<i^nfcP IMCR' 96©963M~967 
H> ^^—-^7— (T. Keller) „ x;i/-y\>v'^ 

(L. Hanzo) © rj«j|D-A;niJ7^ hy-i't* 
ttSi!3cJil«^f!lf S©[5]^® (Orthogonal fre:u 
ency multiplex synchronisation techniques) j tc. 



(4) 
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fflW88MfflfcW (range of frequency acquisition) , 
m&&feB (frequencyt racking) > »>>#;Hr]^ 7 

[0 0 16] fcc^Tf, Hl»©tt«! (*t^ va^/ix 

&t^ 0 ^©TJUrTUyCktt* SflittftttJBC*- 

^T£*.4k IE8rCtt**»-3&. 0 8fcfc, tt*<Dtt$l5* 
ffi t^fcHK S««^±*fflM«* s ^» t & i: * t*J» L 

2> o 

[0 0 17] ffi*g# 1 C&l^T, ffiH,^tt#BB^>*^ 
CC^ftU ffiHfER (i) tts BfSo«flSRxt*:4S-e«l 
JO-rs. ^bt, I R(i) I #H«Rx£»;t*i:* ffl« 
ffR(i)tiU **tftfflS6K:J:o"CE«2Fi'i*. 
Zi 

/*(/)= • r*(i-m-Nsp) 

Zi 



[0018] (affl#2c*v>"c> -fis.tttemmft&m 

fiR (i)©e-*tt s St (1) T-t$n5fflii»i:« 

t-^&iE (hie) rsfca&Kffl^&fts. 

[0 0 19] ffl«#3'{C*^"r^ K-^4«IITV>5H- 

[0 0 2 0] ±i£.Lfc3-=>©ffifflfc*i»r*4:> 5£ 
( 1 ) tt, SC (3) ©Ji-JCftS. 
[0 0 2 1] 
[«3] 



(•A) 



+ ^ r(i-m) • r_\i-m-N SP ) (• -B) 



m=ZiH 

■ft+S'G-Nsp-l ■ 

rjj-m) • r_\i-m 

m=Z2+l 

[0 0 2 2] 5£ (3) C^ttBHIRli) 

e>fc»K ;m&©JSA, b, ca:, if©-y->r;uAssv> 

tfflllM^A s 2&SA»{r'te#f 2> 0 1MB, CCfcttSHMB 
; 1 * - > S P X fct& > rrfrJLX&r— $ v > t*;k±> 

T-tyyyfrtffimtit&zofcttLx. lAc^its 

mm^*->(DV>7M±, fflH#&£. SB, C©£& 

©<fr#5:E#JT-&-5o ;ift£>©5>^AI$&£j5lfcfc, *i 

(constructive) XteA (destructive) £LTf£ffl1~ 
•So II 3MS (3) -5 *§§8ftR mi- 

tt ut> {4ffl#2© mmm® t-tfimmzntz) « 

i«(fi[ffl#3lcwr«t-5tSf» , r5i:, ^irfsc^m 
T> f-^^y^WISf^CA^ fflKffiR (i) £ 

h* s 4U5RlBgSA s i±n: < So 3©ffig§ffi©fc:--£©;r 

M±, 11 1 3 l:^t«tac, 
£ & It 4 -> > ^©iSffc©^— * -y- > 7;u© 5 > 

(fg) £«c#LT36£-r*. #{?=!-> >tfji>© a 
% c $ n s =r— $ -> > * ^(Dftmy- > x;ux«i#s 

7-;u*^ (i) ©fflBjffiR(i) 



-/fo>) ( -C) 



( 3 > 



tts fflMfia©ti— d©i§-&, 
&mi&lzteiiiX#<f 5.>?%M£-W& (timing estimat 
ion error) KyM^-U-h (bit error r 

ate, JJIT, BERtv^. ) tf&rtj-fS C 3o 

9mvy7)\ybK fflH«R(i)fc#UTIEfc?l?JI-rsJ: 
«>>^;u©«»*>^* 5 , fflHfiiR (i) CS*LTftC 

[0023] ufe^o-c, fie*©rajB7 , ;u=ri;xA-e 
ttx Jt^Sy c T;i/^^©^SA s '5:V>^ffeo-Ct)s 
fflMflR (i)©K— ^c«fco-rft^n*#HS*>>5K;i/ 
©fi$l1t>7';i/©^-r ^ >^*£\ ±t©^lSt:*c^-riE 

[0 0 2 4] 

i: *s-e § a is] ssvf -r V ^ -> ^ ^ a *j|flt 

[0 0 2 5] 



(5) 
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»©#JH •> >#;i/©l*8w)i^8J^* - >© 3 *><d9c5A& 

[0 0 2 6] fcSSWCffii^-r S^USMv-^Afct, 

ffiffl*->7>-rs¥ai:. unfile-* &*&tu-r 
Hfi & * » % t £ fif x * o 

[0 0 2 7] 

[0 0 2 8] #2BWCtt, Ili:^ti-5t:, #B~>> 
jft«/CD**0H»i^*->©fiiffl#» 8 OJSv 

1" 5 c £: C «fc £ & ^ > * s i£3I * n S - * #1* L T 

Pi= (aj+ j bi) • (ci+ jdi) 
= (ai+ j bj) • (-ai- j bi) 
= - (a2-b2) 

[0 0 3 3] ffiffi#2WWIi, *@MfIR (i)ttK- 

S^hCtot^ #9Jfl«jfcatfb£HU ffiHSoJJWC- 
SrTS. 3ag«J£tt!BK:#^-C, ffiHttR(i)CI±, ffl 

N-2Nsp-l 

R(i)= 2^ il(i-n)| 2 • expCj^offeet; 

[0 0 3 6] SC (5) cofflS(tR(i)Ofi[fflft*>e>» JS 
a»*7-by h* 0 ff set t±, S (6) tS^VA-CIEatC 



[0 0 2 9] d©#ra^>tf;i/©^K<fc£&Jj|& s E 
2£ffl^T§ i l z <ffi-f Si^ WT©.}:3£&3„ 
[ 0 0 3 0 ] 0 2 fcjj*-*- <fc o K> *|gB^t«t5^feffl|| 

IS*, fflBM© «a»cttjl>-*-5. # 

tiz^^x. mmji*-y<Ditffltti%i&{hM<D&9 (de 

termiaistic destructive) <£ffilE U> Ife^t, it 

©H»i^*-:/©#8yWfc*fbjSl©*J»ti:, 

[0 0 3 1 ] B2Cjjm§WStt> 'ffiffi # 2 ©ttJBA* 6 
(iffl#3 0ttJIBC^»t-Si:, tSUffiR (i) £*ffc*JS. 

15® 15] \9 - > © ftsK -> > ^ £ ©*T- & 2 . L fc 

h3bfc&^3*tt&ttJ!S<!)T-Ct±, * (4) t-^ 
[0 0 3 2] 



... (4 ) 

[0 0 3 4] ±iBUfc«fl&"T?HU ftftffiHfifL 

^•SCltAST-^So Jf«aRH*7-b«y MM&SttJBC* 

i*str-^CDffiBCS?.i:^, ^ (5) T-^^ 

[0 0 3 5] 
[R4J 



• • • ( 5 ) 



[0 0 3 7] 
[«5] 



(6) 
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¥cfet=2 7T ' 



fo 

Af u 



N 



(6) 



[0 0 3 8] f ottH8a»*7-ty r-T&S, 

[0 0 3 9] dCT-, BUXVH 2 lZT*1r&.ffi&mm L 
fcS&flHIC^T, 0E£#!$L&#e>l$£0.ST£ o III 3 

o 

. [0 0 40] Z.(Dm.®Wi£, E3C^ti5t> 

[0 0 4 1] |s]|S8'>>tf;i4f AH1SS2 Ott, fl«AtfBI4 
t^-f v;^7Uj?^2 1 i:, 2 2 4(1 

-e;i/^7*u^t»-2 ltt, ft>^x>3-yi l 

^■fi (Orthogonal Frequency Division Multiplex, Jii 
T> OFDMfc^-5. ) rt-Z.h&&mWil 2-tzm&T 
2>o OFDM;WhM@B12B:, 
#A*nfce26r r -^4»e», O F DM^JC&tt*^- 
^b7l/-AeMLt, SttJSJK^-iJxgffc (Invers 
e Fast FourierTransform, WTIFFTi:^?, ) [si 
S§13CffilSt5. I FFT0S&1 3tt, h 7 U 

[0042] ftmnjiwmmRz ok, aa-rs =t a 
(hie) @B4otflti(e$n*« 

^3te[H]Eg4 0tt, ^Jit£H6Cg%r«taCs S»lRlMfl^ 



FmwER— 



[0045] ^lt, ttmwsttc. mm^*->s.m. 

E1SS4 Olc&^T, gi&I^BJ^* — 1 8 OS 

[0 0 4 6] o¥C, *»W*a[fflL&Sfll«IK:oV>-r 
a&W-rs. 117 14, *£lB£jifflUfc£»*l©&fW<Jfc 

[0 0 4 7] C©§ff^ti, RF7D>hx>t- - 51^ 
At*., RF7D>hx>h'5 lT-^ff^tlfcRFfS^ 
tt, I Q-tSfllS5 2(cfit&£ftSo I Q'tSHIgs 5 2 tt, 

6 0l:L*^n. 



^->»aiHl»4 1 42^ M-&EIES4 

3££<I;t, «»|RHH^->*tti[HlB4 ltt, #|s-> 

2MI^fS4 3C»t5. {4*i^>7^4 2.tts ft 

->fc§lllt> M0J£3i#A[Hl£S 1 4Ctia&-rs. 
MHffiSflrAlelES 1 4 tt, fi3S7 I -^lc#JS'»Jt?;i/* 
WALT, IQ2BHS1 5C«|&U IQ3EWS15 

tt, #!H'>^#;ui s «iA$nfca3Rea7 s -4'*, mm 

(KT, RF 4:^-5. ) ®^ft£j£U TX (mm) ? 

1 6Cet*&-f TX7^H 1 6tt, 
&fT-5Jfca&fc:RF{i-Sf£:7-f Jl/* U >^Ut, RF7D 
>hx>Kl 7 IC{I«& U RF7D > hx> K 1 7 tt, 

m •> > * ^ *b3ih»«t?# At- s £ £<g t £ n * j; 9 

C&'I^Tif Af S <fc -5 C LT0 3o 
[0 0 4 3] |5]^->>#;i/CD¥Ki**tt, ^w^nfc-b- 
T'+t'JrcaW^MOT-, OF DMgLmZtltzT— 

S§3 0tt, OFDMgl^tltf-^i/^^OfiSi 

tt, l3MHtftH£[!B3'0tiU ^JxttH5(3^-r«te^ 

iii¥§§3 sc (7) -e*?n*fi*a««»F 

powers #,^'>>^^© : &-y->7'>'i'tsa£-rs 0 

[0 0 4 4] 



( 7) 



5 >^;fttW3«»ffriE!!K6 4 fc&fif^., ^e>(c, 
^-f i>^*fflffiHlSS7 Ott, ^Jx.ttE19 {:^t<tat> 

@stHis&7 1 p&mmmssi&i 2 urns 7 3 

S52I11S&7 4t, Saffgl7 5i:, !«®S7 6i:, 51 
SIh]!?S7 7 h, S*tfttHI3B&7 8t«x5. SffiEIK 
7 111 I Qill^igS 2^e»coa^SffT ; -^4, Ns? 

7 2Cft«t5. ttaa3fSI8»S7 2tt, asRSd^- 

»g|7 3tt, ItJRSli^-^i:, *V>&WGLmT-^# t 



(7) 
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***U 1-*fc*»±5!>LfeS (1) ©«**frir\ » 

e.ftsnifir-^s r**)-&ffiRffl[R(i)ft«aiisiBi7 

TSo ^©«jfS7 eca:, joj*»7 sohwjt*-*** 
tti&*n-c*»), «*S7 6Bu ^©tB* 5^- 

l*{u©g®^^#1-Sii®0S§7 

7fiwft*tfttaiaB7 scfltfe-rs. iDifi§7 $ 
^H7 zi*t><t>wmT-9}L. mm®$§7 7T-mm$ti- 

C«|&1-5. ***WllslK7 8H\ »Wg7 6 COttl^/* 5 

3 esters. *<uTs (ii^tfifK^nSo i> 

6 3 tt, ::©M&£ft£P»!* s ^ft&t,^5 
CES1-5. 

[0 0 4 9] OCffi*. Witt-n— * 

ftfiljS7-'Jxt» (WT. ) EJSS5 

3CflH&£ft, FFT0S&5 3 (i, l§]8J3!I]S&6 0 4»&© 

g|LT, OFDM^-* h#f¥lll»5 4Cfl«&-ra. O 
FDMM-7 h^@S&5 4 (is * h7U-A^ 

-PS 5^^LTtB*1-^o 

[0 0 5 0] r*fe%, |5I^Ih]£&6 Ott, gfS^-^C 
aSA^nS^'f SV^XlWfaHR©*?*'.? h*W*r 

t®»7)v3 <) xMi, mz ? -r 5 >^svjsisaRtf it se 
>^*Mis©isjg^^s(cSto5-i:* s T-§2.o **tftm 

(i)©«A«&{i5r£o LT> £>^flHE#IE 

[0 0 5 1 ] Lfctf-aT, #^0J3ffciu fflHfiSCHrJ^ 
fcP^TJb =3" V C*fr 5 PS L tz 7 > fc^r-* 

(5JW^^ - >ikvim^ >#;i/©ffl BttI© t:— * ©^ ? 

[0 0 5 2] k^i-e, #&B£i£, ^tOFDM^C 



[0 0 5 3] 

[3&i!B©»*3 #«i!BT?tiU «»©EI»!^*->;&»&fc 

m is > #;u©— SBxtiaiR©#flH f > ^©ims© rasi 

- >© a *>©ftal£ tf/Xtt*l*EIJII!;** — ><DGl 

tot, #,^f>>^;i/h, mm^titz^m^y^jvtcDm 
yvi+tiT-v */ '>#;u©iJ»«55£CBi 5 ft < - 

[H®©1B#*8iW3 

[01] &-%5%%mmLTz^?&'>>-tt)l'<D7±—^V h 

[02] #ff3v>*;i/©^S(-:<fc5^*S:l¥<ffi-r?>fefe 
©I^T-feS.. 

[03] **W*afflUfc2*««©Jlf*:«I**fi£&^-r 

[04] mmis>*Ji'mx®&<7)m<tft*Mi&*7f;T7 
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